Aim: The present study was undertaken to establish the best procurement time for collection of Ashwagandha [Withania somnifera (L.) Dunal] root by analyzing the variation in bioactive secondary metabolite during six seasons by quantitative high performance liquid chromatography (HPLC) and comparative pharmacognosy by taking into consideration the Ayurvedic literature. In Ayurveda, Sharad ritu has been prescribed for procurement of crude drugs. But the description for procurement of useful part of individual plants is not mentioned anywhere in the literature. Therefore, to establish the best time for collection, the present study has been taken up.
INTRODUCTION
Ashwagandha [Withania somnifera (L.) Dunal] is a bushy evergreen herb common in dried parts of India. It is mentioned as an important drug in Ayurvedic literature. 1, 2 The drug consists of the roots, which are prescribed as somniferous, thermogenic, stimulant, aphrodisiac, and tonic. They are useful in nervous disorders, insomnia, lumbar pain, asthma, cardiac disorders, and senile debility. Leaves are recommended for fever, painful swelling, tumors, etc. Seeds are reported to be diuretic and hypnotic. 3, 4 The drug processed with milk is used as a nervine tonic. 5 Decoction with milk and ghee has been mentioned in sterility. 6 Root powder mixed with sugar and ghee alleviates insomnia and brings sleep quickly. 7 It occurs as a weed under a partial shade throughout semiarid regions of India. It flowers during July-September and fruit ripens in the autumn season. 8 The crop is cultivated in 5-6 months, sown during September and harvested in February-March.
It is mentioned that it is a very useful Ayurvedic drug efficacious in nervous disorders, pain management, dyspnea, and general nervine tonic. Therefore, the establishment of harvesting techniques under good agricultural practices is necessary. In Ayurvedic texts, there is no reference available regarding the best suitable procurement time, particularly, for Ashwagandha [Withania somnifera (L.) Dunal]. Therefore, scientific validation for the best suitable procurement time is necessary (Table 1) .
Ayurveda advocates that a particular part of the plant collected in a particular season will possess more active principles: roots in summer or in the late winter, leaves and JDRAS branches in rainy and spring (early summer) seasons as the leaves and branches are at their fresh and healthy state and contain an optimum of the products of the plant metabolism and one can obtain the most desirable therapeutic action. Flowers and fruits should be collected in the spring season or when they are ripe or full bloom. The bark, stem, and latex were said to be the best in early winter (Sharad ritu). 10 Economically important part of Ashwagandha is root. The main phytoconstituents isolated from W. somnifera included alkaloids and steroidal lactones namely Withaferins and Withanolides. The major chemical constituents are Withaferin-A. [9] [10] [11] [12] [13] [14] [15] [16] Withanosides I-VII 11 Withanolides A, 12, 13 B, 12 and D, 10,12,15 17-hydroxy-27 deoxywithaferin A, and Withanone. 9 In the present study, Withanolide A ( Fig. 8 ) is taken as a selected marker compound. Withanolide A was quantified by HPLC in the sample procured in six different seasons procured from the same habitat. The variations in the morphological and microscopical characters of Withania somnifera (L.) Dunal were recorded in all the six seasons.
The plant shows different morphological characters as well as the difference in content in secondary bioactive metabolite in different seasons. Hence, in the present study, an attempt was made to select an appropriate season to collect the useful part of the plant containing a maximum amount of bioactive secondary metabolite.
MATERIALS AND METHODS

Collection of Plant Material and Authentication
The plant material/(root) was collected from the medicinal plant garden of NVARI, Jhansi, and authenticated at Herbarium NVARI, Jhansi with Accession no. 23599 (15 September 2014) . The plant samples collected in triplicate were washed under running fresh tap water to remove adherent soil and dirt. The useful plant part, i.e., the root of Ashwagandha [Withania somnifera (L.) Dunal], 17 was preserved in 70% alcohol for histological studies. This process was repeated for each season.
Drying of Plant Material
The material was subjected to shade drying for about 4 weeks. The shade-dried materials were further crushed to a powder, sieved through the mesh 22, and stored in airtight containers for further analysis. This process was repeated for each season.
Macroscopic and Microscopic Analyses
Macroscopic Study
Macroscopic features were studied and photographs were taken with Nikon DSLR Camera in each season (Figs 1 to 5). Macroscopic characters were studied with the help of published floras. 18, 19 A comparison of macroscopic characters for different seasons has been carried out.
Morphology
Collected root samples were observed carefully for its identical morphological characters. Morphological characters like color, shape, and size were noted down. Characters of plant parts were studied per taxonomy and measurements were taken by a scale through the naked eye.
Microscopic Analysis
Microscopic examinations of the root were studied according to the standard method. 20, 21 Transverse sections of the Ashwagandha root was prepared and stained with Safranin and Fast Green per procedure. The same procedure was followed for powder microscopy. 22 The microphotographs were taken by a bright-field microscope with a digital camera ( Fig. 7) . Table 2) were stored in sample vial in a refrigerator at 2-8°C.
HPLC Estimation of Withanolide A: Test Solution:
The residues obtained from methanol, ethanol, and hydro alcohol extracts of each six seasons were weighed in triplicate and dissolved in methanol using a 10-mL volumetric flask, filtered through a 0.22-μm membrane filter and used for HPLC analysis. get a concentration of 0.1, 0.05, and 0.025 mg/mL of Withanolide A. Each of the standard solutions was run through the HPLC and the calibration curve was established for peak area vs concentration of Withanolide A applied (Figs 9 and 10) .
Estimation of Withanolide A in the Drug
About 10 μL of each test solution was injected into the HPLC system to record the chromatogram and determine the area of the peak corresponding to that of Withanolide A as described above in the calibration curve. The amount of Withanolide A was calculated in the residue extracted in various solvents such as hydro-alcohol, ethanol, and methanol each test samples obtained from the various seasons of Withania somnifera (L.) Dunal as given in Table 3 .
RESULTS AND DISCUSSION
Morphology
Withania somnifera (L.) Dunal is a bushy evergreen herb, around 1 m high, with broadly ovate, sub-acute leaves, greenish-yellow flowers born on sub-umbellate auxiliary cymes, and globular fruits enclosed in an enlarged calyx (Figs 1 to 3 ).
Quantitative Evaluation of Withanolide A
Selected Chemical Constituent
Chromatographic Conditions
Instruments-Agilent 1200 series with a manual sampler
Column-C 18 17 To increase the efficacy of these formulations, it is very important to procure the root of this plant in a suitable season when secondary metabolites are in the highest concentration. This study was aimed to standardize the drug in all six seasons, i.e., Shishir (January-February), Vasant (March-April), Grishm (May-June), Varsha (July-August), Sharad (September-October), and Hemant (November-December) microscopically to document internal changes in the histology of the root. The present study showed that internal microscopical features remain the same throughout the year. The useful part of Withania somnifera (L.) Dunal is root which is procured from the same habitat (RARI garden) in all the six seasons. Moreover, the drug is an evergreen herb; therefore, the drug shows the same characters in powder microscopy. Though it was seen in different fields in different seasons, the same type of structures has been observed in all seasons. The drug is a bushy evergreen herb and the Ashwagandha procured for the pharmacognostical study was neither sowed nor harvested in the respective seasons. A selected marker compound Withanolide A was quantified in each season by HPLC. The extractive value was found to be maximum, i.e., 0.77 g of the Sharad ritu sample for methanol extract (Table 1 ). HPLC estimation showed that abundance of Withanolide A is more up to 0.183 % in the Hemant ritu sample among all seasons (Table 3 ).
In the Hemant ritu, Withania somnifera (L.) Dunal will be in the flowering fruiting stage (Fig. 6) , and, with these observations, it can be concluded that the best suitable procurement time of collection of a wild Hemant ritu S 6 (5) 0.5850 0.2990 0.4330 
Fig. 8: Withanolide A
